Objectives: To describe the use of dietary assessment methods in a cohort study. Subjects: The Avon Longitudinal Study of Parents and Children (ALSPAC) based in Bristol, UK, a cohort of children born in 1991/1992 and their parents. Methods and Results: Data were collected about maternal and paternal diet, breastfeeding, weaning and childhood diet by both food frequency questionnaire (FFQ) and unweighed diet records (children only). Other questionnaires have covered socioeconomic background and eating behaviours. Nutrient and food group intakes were calculated from both FFQ and diet records. These were used singly and in combination to assess the contribution of diet to various growth and development outcomes in the children and in relation to socioeconomic position and other behaviours. Both methods provided important contributions to knowledge and have enhanced each other, allowing the development of the assessment instruments as experience in their use was gained. Statistical analysis methods such as the use of dietary patterns to summarize the diet were explored. Conclusions: Longitudinal cohort studies are greatly enhanced if dietary assessment methods are built into their design. The use of more than one method of dietary assessment can increase the scientific usefulness of a study.
Introduction
Prospective studies have significant methodological advantages for investigating the relationship between exposures and disease. Dietary intake is increasingly emerging as one of the most important exposures for a range of health and developmental outcomes (WHO, 2003) . It is important that the methods used to assess diet in prospective studies are appropriate to the research questions being asked and the population being studied (Willett, 1998) . The methods need to be documented and the advantages and disadvantages of each discussed. The aim of this study is to briefly describe the dietary methods used in the Avon Longitudinal Study of Parents and Children (ALSPAC) and highlight some of the ways in which the nutritional data have been used, where value has been added and where the assessment instruments have been developed over time. This article will highlight some of the advantages and disadvantages of the assessment methods but not explain them in detail.
Subjects
The ALSPAC (known to the families as 'Children of the 1990s') is a longitudinal cohort study, which recruited pregnant women resident in three Bristol-based health districts of Avon, in the South West of England, with an expected delivery date between April 1991 and December 1992 (14 541 pregnancies). The cohort was population-based and broadly representative, at recruitment, of the population of women with children under 1 year in Avon (Golding et al., 2001 ; ALSPAC website). Ethical approval for the study was obtained from the ALSPAC Law and Ethics Committee and the Local Research Ethics Committees. The children (13 988 alive at 1 year) have been followed by parental and selfcompletion questionnaires, medical records, health service data, educational records and by hands-on assessments at dedicated research clinics. Assessment of diet has been an integral part of ALSPAC.
Dietary assessment
Food frequency questionnaire Mothers and partners (contacted by the woman) were sent self-completion questionnaires at intervals from their recruitment into the study. At 32 weeks of pregnancy and again at 4, 8 and 12 years post-partum, these included a food frequency questionnaire (FFQ). Once the child was born, parents were asked to fill in parental-report postal questionnaires about the child's health and development. These included a section about their child's diet at age 4 weeks and 6, 15 and 24 months. Each questionnaire (28-64 pages in length) contained a range of questions with a section asking about eating including frequency of consuming specific foods and drinks. In these early child questionnaires (adapted for infant diets), age at the introduction of each food/drink was recorded as well as information about breast and formula feeding. As the child grew a full FFQ, adapted from the parental one, was included at ages 3, 4, 7 and 9 years. Each questionnaire was posted to the mother with a reply envelope, if it was not returned within 3 weeks, a postal reminder was sent followed by a second reminder 2 weeks later. Then a telephone prompt was given if there was no response after a further month. This has helped to maintain the response rate to maternal and child questionnaires, partners have not received reminders and have a much lower response rate (Table 1) . The questionnaires were processed and computerized data were provided for analysis.
The FFQ was used to calculate approximate nutrient intakes by multiplying the weekly frequency of consumption of each food/food group/drink by the nutrient content of a standard portion of that food/drink and summing that for all the foods/drinks in the questionnaire (Rogers et al., 1998a) . The food tables used are described below. The portion sizes used and types of foods included in each group were appropriate to the age of the person covered by the questionnaire: for the children no differentiation was made between the sexes, but for adults the portions for males were larger than for females.
The original questionnaire covered 43 food groups with extra questions about the types of bread, milk and fats used and amounts of tea and coffee drunk. As experience was gained in using the FFQ to estimate nutrient intakes, adaptations were made to enhance the calculations. These included expansion of the list of food groups to 56 and drink groups to 12, thus providing better assessment of vegetarian foods, milk, soft drinks and alcohol intake. Diet records collected on the 3.5-year olds gave insight into foods/drinks consumed in detail, this information was used to decide the proportion of individual foods to use when estimating the nutrient intake of a food group. For example, 37% (by weight) of fruit eaten was apples and another 37% was bananas with other fruit accounting for 26%, these proportions were used to calculate the nutrient content of 'fruit' in the FFQ administered at ages 3 and 4 years. Further adaptations were made to the FFQ to accommodate the fact ALSPAC-mothers and partners (n ¼ 14 541 pregnancies), children (n ¼ 14 062 live births, 13 988 alive at 1 year), clinic visits for whole cohort (n ¼ 13 602 available at 7 years). b CIF-randomly selected subsample (n ¼ 1432 attended at least once).
that breaded fish and poultry were eaten more frequently, by the children, than plain forms. The assessment of what children ate at school meals was tackled in the FFQ by asking parents to consider in one section 'only food provided by themselves' and in another food 'provided by the school'. We suggested that they discussed with the child what had been eaten at school. We wrote to schools in the area to obtain copies of menus and serving sizes, so that we could estimate the nutrient content of the average school meal in the area more accurately. When suitable equipment became available, the FFQ was redesigned to allow direct scanning of the data, thus saving time and possible transcription errors.
Diet records
A randomly selected subsample of around 10% of the children, known as Children in Focus, were invited to attend research clinics regularly from age 4 months to 5 years. During this time the child's diet was assessed at 4, 8, 18 months, 3.5 and 5 years ( Table 1 ). The parents were invited, by post, to record in a structured diary all foods and drinks their child consumed over three individual days (1 only at 4 months): 1 weekend day and 2-week days. They were asked to bring the completed diaries to the clinic where, when funds allowed, they were interviewed briefly, by a member of the nutrition team, to clarify any anomalies in the diary. Foods and drinks consumed were recorded in household measures on separate pages of the diary to allow specific questions to be answered. For drinks-details of the amount of concentrate used in diluted drinks, additions such as sugar, total volume offered and amount left over were recorded. For foods-a full description of the food and the amount offered was requested with a separate section for description of leftovers. From 3.5 years onwards a short questionnaire was also included; this asked about the use of vitamin supplements, types of spread normally used on bread, types of milk used and other details of diet to aid dietary coding. The questionnaire was developed in the light of experience gained when interviewing the parent in the previous sweep and proved very successful in giving confidence to the coding of commonly eaten foods. For school meals, parents were instructed to ask the child what they had eaten and to obtain menus, which are often available from schools, to help them. For packed lunches, they were instructed to record everything put into the lunch box and to ask the child to bring back leftover items in the box to be recorded later. The same type of diary was distributed for parental completion for the whole cohort at age 7 years. However, for the data collection at age 10 and 13 years, the diary was redesigned and aimed directly at the child for self-completion with parental help. An accompanying questionnaire was used to elicit help from the parents and gain further information about the foods eaten. The clinic interview (around 15 min) with the child and parent was vital in these sweeps to obtain additional information and improve the quality of the data obtained.
At each age from 18 months onwards, the diet records were coded using the computer programme DIDO (Data In, Diet Out) originally developed by the Dunn Nutrition Unit in Cambridge and shown to improve accuracy and save time compared with other dietary assessment systems (Price et al., 1995) . When necessary, the portion sizes used were based on data on average portion sizes for children derived from weighed dietary intakes (Wrieden et al., 2008) from two national samples of British children (Gregory et al., 1995; Gregory and Lowe, 2000) . Otherwise portion sizes were based on the manufacturers' information or by adapting adult portion sizes (Ministry of Agriculture Fisheries and Food, 1993) . Nutrient content was calculated for each food/ drink consumed and combined to produce average daily nutrient and food group intakes. The coding of all the records was checked against the original, and the errors were corrected and finally records that produced very high or very low estimates of intake for selected nutrients were rechecked to ensure the quality of the data.
Nutrient data bank and food groups
The data bank used for the nutrient analysis of the FFQ and diet records included the 5th edition of McCance and Widdowson's food tables (Holland et al., 1991a) and the supplements to the tables (Holland et al., 1988 (Holland et al., , 1989 (Holland et al., , 1991b (Holland et al., , 1992a (Holland et al., , b, 1993 Chan et al., 1994 Chan et al., , 1995 Chan et al., , 1996 . The electronic version of the food tables contains a variable that can be used to group foods together to facilitate analysis of the contribution of different food types to overall nutrient intake. Grouping foods in this way and in other combinations designed for specific purposes, for example, to investigate energy dense foods or dairy-containing foods, has added greatly to the usefulness of the dietary data in ALSPAC (Cowin et al., 2001; Rogers and Emmett, 2003; Rogers et al., 2007) . For FFQ data, food groups were built into the questionnaire so that they could be used without further work (Rogers et al., 1998a, b) .
Misreporting of dietary intake and energy adjustment
In both dietary methods there is a possibility of misreporting of intake (Bingham et al., 1991) . In the FFQ this may be from misunderstanding the questions, in ability to work out a sensible response or missing out the question altogether. To take account of this, we set plausible cut offs for intake based on inspection of the distribution of nutrients in the whole data set. In the diet records misreporting could be due to missing out foods actually eaten, recoding foods not eaten or altering diet on recording days to make it more 'acceptable'. Many studies have shown that under-reporting of intake, particularly of energy-rich foods, is more likely in obese people (Poppitt et al., 1998) . It is important to make adjustments for possible misreporting of intakes when using dietary data. In ALSPAC, several methods of assessment of misreporting and subsequent adjustment have been used Johnson et al., 2007) .
In the interpretation of nutritional data, it is sometimes considered necessary to adjust the nutrient or food group intakes for energy intake (Willett, 1998) . This can be done simply for macronutrients by calculating the percentage of energy from each or for food groups by calculating the amount per unit of energy , or energy can be added as an continuous variable in a statistical model. More complex statistical methods have been described by Willett (1998) and used in some circumstance in ALSPAC .
Other information about food and eating
The circumstances of eating and attitudes of the parents and the child may have a substantial effect on dietary intake. Many questions about these aspects were included in the self-completion questionnaires in ALSPAC. These covered difficulties that the parent might experience in feeding the child, coping strategies used by the parents, where, when and with whom meals were eaten, the child's enjoyment of various food types, parental enjoyment of foods and cooking, child involvement in food choice and preparation. This information can be used to gain better understand what may be driving dietary intakes.
Non-dietary data
Many non-dietary factors affect or are affected by dietary intake and it is important not to look at diet in isolation. In ALSPAC, data were collected, mainly by self-completion questionnaire, about socioeconomic position and many lifestyle factors. From 4 months of age in Children in Focus and from 7 years in the whole cohort, the children were invited to attend research clinics at which trained staff took standardized measurements. These included height, weight, waist circumference, blood pressure and blood samples as well as various psychological measures. Many of these variables can be useful as outcomes of diet or can enable comparison of diet within groups or can be used in statistical analysis to allow for possible confounding effects.
Examples of how the different types of dietary data have been used
The information gained about diet in pregnancy from the FFQ has been used in various ways that have brought out some of the advantages of this assessment method. We were able to estimate nutrient intake in pregnancy in this large group, fairly, quickly and relatively cheaply; thus we were able to investigate whether dietary differences between groups of varying socioeconomic position were likely to impact on birth weight. We showed that although diet varied with a measure of socioeconomic position, birth weight did not, once account had been taken of parity and smoking status in pregnancy (Rogers et al., 1998b) . A further strength of the FFQ data was evident when we investigated the dietary contribution of foods that were usually eaten less than twice a week. In the British diet in the 1990s the only major source of omega-3 fatty acids was fish, particularly oily fish, a food group which tended to be eaten once or twice a week on average (Food Standards Agency website). The FFQ in pregnancy provided information about fish eating, which has been used in several investigations. To give one example, children of mothers who ate oily fish more than once in 2 weeks had more mature visual development at age 3 years than those whose mother did not eat oily fish (Williams et al., 2001 ).
An FFQ can be adapted for a particular study population and tends not to put a great burden on the subject. Using an FFQ adapted for infants, prospectively and on more than one occasion, enabled the collection of dietary information about the child from early infancy. A study resulted where breast and formula feeding were recorded at 6 and 15 months of age and linked with the age of introduction of solids to describe feeding practices in the first year (Pontin et al., 2007) . Other work, using data collected about different feeding practices, investigated the effect of late introduction of lumpy/chewy foods during the first year of life. Children introduced from 10 months onwards were more difficult to feed at 15 months than those introduced at the recommended age between 6 and 9 months (Northstone et al., 2001) . Subsequent investigation using the FFQ at age 7 years has found associations between the late introduction of lumps and less fruit and vegetables being eaten (Coulthard et al., 2008) . In longitudinal studies, prospective recording of the early feeding practices are likely to prove extremely valuable for future analyses.
Availability of detailed diet record data greatly increased the range of analyses that could be performed enabling detailed comparisons between groups. The design of the diet record instrument was important; for example, in the younger children drinks and foods were recorded on separate diary pages allowing different prompts to be used to describe them. This detail enabled a study of drinks taken at 4 and 8 months that showed large differences in types of drinks given particularly by maternal educational status North et al., 2000) . Differences in foods eaten between boys and girls at age 7 years were found; boys were already eating less fruit than girls by this age . Details of school meals had been obtained, so an analysis was performed comparing dietary intake at age 7 years between children eating school dinners and those eating packed lunches. This showed poorer dietary quality in the packed lunch group that was not completely compensated for by dietary intake for the rest of the day (Rogers et al., 2007) .
Information obtained from the parents, by questionnaire, about their background and lifestyle choices were used in combination with the nutritional data. When diets of children of smokers were compared with those of non-smokers (Rogers and Emmett, 2003) , we found that the educational level of the mother was associated with both diet and smoking behaviour. It was therefore necessary to control for educational level in the analysis, otherwise any dietary associations shown with smoking may not have been independent.
Measurements and samples obtained from the children in the clinic setting allowed an assessment of the relationship between diet at 18 months, from diet records and blood iron status (Cowin et al., 2001) . This showed that some foods and nutrients were associated with an enhanced iron status (vitamin C, fruit, vegetables and formula), whereas others were associated with a decreased iron status (calcium, milk).
Having data available from dietary records and FFQ on the same individuals has enhanced the range of analyses that are possible in ALSPAC. One study looked at possible antecedents for obesity in Children in Focus. At 4 months, a 1-day food record had been collected and at 6 months the FFQ asked about the age each food had been introduced. This information was used to find the age at which complementary feeding of solids had started. Applying this to the nutrient information at 4 months allowed an assessment of energy intake in breast-and formula-fed infants related to age of first solid foods and weight gain up to 5 years of age. In formula-fed, but not breast-fed, children energy intake at 4 months was associated with greater weight gain at 5 years and the early feeding of solids (Ong et al., 2006) .
Dietary patterns
Both FFQ and food record data can be used to obtain patterns of diet using various statistical techniques. These patterns are a way of summarizing complex information about the various foods consumed into a more manageable data set that is capable of giving insight into how people eat. Several analyses have been performed in ALSPAC based on dietary patterns obtained from FFQ data. One of these identified similar dietary patterns in the children at ages 4 and 7 years; a 'junk' pattern was associated with lower maternal education and a 'health-conscious' pattern was associated with higher education at both ages (Northstone and Emmett, 2005) . This type of analysis has potential in helping to present diet in a way that is comprehensible to the general public.
Conclusion
The inclusion of dietary assessment methods has been, and will be, a very important aspect of ALSPAC that has greatly enhanced the scientific usefulness of the study. Future cohort studies should consider very carefully whether and how to assess diet and take heed of the ALSPAC experience. The assessment of physical activity concurrent with diet also greatly adds to the value of a study and the possibility of obtaining interpretable data. ALSPAC has obtained physical activity data by direct measurement during adolescence and will be able to use it in conjunction with the dietary data in future work, this will be particularly important in the assessment of misreporting of intake.
The use of two different dietary assessment methods in tandem has been very beneficial particularly on occasions where the strengths of one method have been used to overcome the weaknesses of the other. However, the two methods were not administered at exactly the same ages because it was thought that this would be too great a burden for the participants. The scientific contribution of the study to the field of nutrition has been improved by the combination of methods used.
The dietary instruments used have been tailored to the age and type of population being studied and this has worked well. Particular successes have been the details about age of introduction of foods in the early questionnaires and the separate recording of drinks in the early diet records. The diet records aimed at child completion were simplified to aid completion, and the personal interview with the child and parent then became vital in gaining adequate information about the foods/drinks consumed. The short questionnaire with the diet record was also important in improving the quality of the data.
In this longitudinal study, it was important to use experience gained during each sweep to inform and improve the next sweep. Developments in technology available needed to be assessed and incorporated if they conferred advantages, however, it was important not to throw out tried and tested methods without due consideration of whether data quality and compatibility in particular would be maintained.
One of the main weaknesses of ALSPAC has been the lack of validation of the dietary assessment instruments. This has been due to a lack of time and funding to carry out this timeconsuming work in the final dietary sweep at age 13 years; a calibration study was incorporated and work is proceeding to analyse this. As we have used two different assessment methods in the children, some work could be done in the future to remedy this problem. When planning a longitudinal study it would be beneficial to build in validation and calibration studies from the outset. In most longitudinal studies, diet will be only one of many aspects to be studied, so there will be competing interests when planning the study and compromise about the dietary assessment methodology may be necessary. It is essential to strike a balance between over burdening the subjects, thus risking incomplete compliance or loss to follow-up, and collecting more and more detailed data.
